Introduction
What difference does it make when firms merge? This question has been extensively studied in economics-from the traditional explanation that mergers can internalize externalities (such as pollution), to the modern property-rights theory, which interprets mergers as concentrations of ownership under certain parties and argues that ownership matters because when one party acquires the assets of another party the bargaining positions of both parties are affected, as is their willingness to make relationship-specific investment. In most of these theories, however, the firm is defined as a collection of physical assets, and human assets are often ignored. Consequently, they cannot help us to understand firms from a human perspective, which is particularly important in understanding human-capital intensive firms such as law, consulting, medicine, investment banking, advertising, and accounting firms, which are playing increasingly important roles in many countries.
1 This article provides a preliminary step to understanding why firms-defined as collections of human assets-merge or separate.
The main idea of the article is based on the observation that if several businesses are integrated as one firm, their individual identities become less observable to outsiders, compared to the case where they are separated as different firms. This observation is supported by the fact that financial data for different parts of a firm are usually proprietary and hence not available to the public (Rajan, Servaes, and Zingales, 2000) . Furthermore, in order to "give shareholders a pure play" on some particular parts of their operations, many firms need to spin off these parts (Ross, Westerfield, and Jaffe, 2002) .
Because of this information asymmetry across firm boundaries, outsiders may misattribute the value of some parts of a firm's operations to other parts. This kind of identity mixing is in line with Tadelis's (2002) idea of "separation of entity from identity." In some real-life situations, the mixing is an unintended consequence. For example, the misconduct of Arthur Andersen LLP in its auditing of Enron jeopardized Anderson's creditability regarding the rest of its customers (Doogar, Sougiannis, and Xie, 2003) . Furthermore, a potential problem in Audi's 5000 model decreased the demand for Audi's 4000 and Quattro models (Sullivan, 1990) . In other situations, firms deliberately mix the identities of different businesses under their control. For example, by naming the whole firm after a division that only accounts for less than 10% of overall sales, Sara Lee Corporation intentionally imposes the good image of its bakery division on the rest of the firm, including totally unrelated lines of business such as Electrolux vacuum cleaners and Coach leather goods (Fisher, 1986) . In addition, it is hard to know who really invented Viagra because Pfizer always claims that hundreds of scientists are responsible for the development of the most renowned impotence drug.
2 In addition to mixing the identities of existing businesses, firms often mix the identities of their established businesses with those of their new ones, as in what the marketing literature refers to as "brand extension." 3 For example, Mattel's popular Barbie doll brand has been extended to many other products such as Barbie home furnishing and Barbie cosmetics (Kotler and Armstrong, 2004) .
To model this identity-mixing role of firm boundaries, we define a firm as a collection of human assets, the owners of which work so closely together that outsiders cannot clearly distinguish one from the other. The results are as follows. Under Nash bargaining, when investment externalities are relatively great (small), integration increases (decreases) efficiency, and the relationship specificity-the discount of the joint surplus caused by breaking up the relationshipalleviates (aggravates) the hold-up problem. Under alternating-offer bargaining, the result that externalities favor integration is not reversed in general (in contrast to the case in property-rights theory). In addition, altering firm boundaries is more likely to matter if the businesses involved are more separated originally, or more diversified.
The result that investment externalities favor integration can shed light on IBM's recent acquisition of PricewaterhouseCoopers' consulting practice (henceforth PwC). What seems to be interesting in this deal is IBM's motivation to reinvent itself, a technology consultancy with fast-decreasing profit margins, as a business consultancy that usually enjoys high profit margins. 4 However, how can the integration create value for IBM and PwC? We argue that if integration entails a certain degree of identity mixing between IBM and PwC, then it can create value if the investment externalities between IBM and PwC are large (in a sense yet to be specified).
To understand the intuition, imagine that there is a project that requires a new strategy (to be developed by PwC) and a new information technology (to be developed by IBM). Conceivably, IBM's investment in developing the technology will be more effective if it is coordinated with PwC's strategy plan, and hence the investment is relationship specific. Thus, the standard hold-up argument implies that IBM will invest too little. Arguably, IBM's investment may have positive externalities to the value of PwC's strategy, even if PwC does not use IBM's technology.
5 If acquired, the "new IBM" will be viewed as a mixture of the old IBM and PwC because the new firm's boundaries blur the individual identities of different business groups. Thus, the acquisition changes the market perception of IBM to be more of a business consultant and less of an IT developer. This blurring of identities will be beneficial if the old IBM investment has strong positive externalities on the value of PwC's strategy, and it is better if the market does not value them as a technology firm. As will be discussed latter, we argue that this is likely to be the case.
In the related literature, property-rights theory pioneered by Grossman and Hart (1986) and Hart and Moore (1990) (henceforth GHM) is one of the most prominent theories of firms. One of its main messages is that when contracts are incomplete, the ownership of physical assets matters because it can change the marginal returns of investments through outside options, and hence change the incentives of the businesses to make relationship-specific investments. 6 As argued previously, this physical-asset perspective loses sight of the human aspects of firms.
Human-capital-intensive firms are also a major concern of Levin and Tadelis (2002) , who build a theory of partnerships but do not focus on the boundaries of firms. This article also differs from theirs in that they define partnership as an institution that redistributes profits among partners, whereas we define the firm as an institution that redistributes outside options (identities) among members of the firm. The idea that blurring identity can enhance investment incentives also appears in a very different model of Morrison and Wilhelm (2004) , who justify partnership as a way to encourage intergenerational transfer of human capital (mentoring). Our model is also related to some of the recent studies on reputation (for example, Tadelis, 1999) , which also entertain the idea that identity can be detached from entity, although their definitions of outside identities-names-are rather different from ours-outside options. Moreover, the idea that garbling information can improve efficiency can also be found in the literature on career concerns (for example, Dewatripont, Jewitt, and Tirole, 1999) . Finally, investments with externalities have been studied under different names by different authors, such as the "cooperative investment" of Che and Hausch (1999) . Again, very few of these studies focus on the boundaries of firms, which is the main topic of this article.
The remainder of this article is organized as follows. The basic setup is presented in Section 2. The model is then analyzed with Nash bargaining in Section 3, and alternating-offer bargaining in Section 4. Section 5 concludes the article.
The basic setup
There are two business entities indexed by i, where i ∈ {A, B}. There is a project that requires the "collaboration" of these two businesses, which means combining their human assets and finishing the project (but does not mean "integration," as explained later). Denote as a ∈ R + and b ∈ R + the respective investments that A and B make in developing their human assets. Additionally, denote the joint investment space of the two businesses as S = R + × R + . Furthermore, denote the real values of A's and B's human assets as F (a, b) and G(a, b), respectively. Assume that the private marginal cost of the investment is unity for both A and B, and the total value of the project is F(a, b) + G (a, b) . The following assumption is critical to the results.
Assumptions. F(·)
and G(·) are weakly increasing in their arguments and satisfy the singlecrossing property, F ab ≥ 0 and G ab ≥ 0. A and B bargain over the surplus.
The fact that F (a,b) belongs to A and G(a,b) belongs to B is revealed to the market with probability p.
If the collaboration is rejected, A and B trade with the market individually.
The conditions in the assumption are the same as in Che and Hausch (1999) and consistent with Hart and Moore (1990) .
With the setting above, a pair of investments (ā,b) is first best if it satisfies
If A and B agree to collaborate, then a return that is equal to F(a, b) + G(a, b) will be paid jointly to them. However, if either of them rejects the collaboration, then the project will fail and generate no value. In this case, A and B can independently capitalize their human assets in an outside market. Denote as f (a, b) and g(a, b) the real values of A's and B's human assets in the market. Assume that f = F/γ and g = G/γ , where γ > 1, so the values of human assets will be discounted if A and B do not collaborate, which reflects the idea that the investments of A and B are relationship specific.
Regarding the information structure, we follow GHM by assuming that the levels of F, f , G, g, a, and, b are observable but not verifiable to A, B, and the market. Departing from GHM, we assume that before A and B bargain to split the joint surplus, the fact that F belongs to A and G belongs to B is private information of A and B and hence cannot be observed by the market.
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The boundaries of the firm are modelled by a probability p that this fact is revealed to the market after the bargaining. The parameter p thus represents the weakness of the information barriers. The asymmetric information regarding the identities of A and B before the bargaining and the revelation of identities after the bargaining is the main difference between this article and GHM in terms of information structure. The following is the timeline of the investment game (see Figure 1 ).
For simplicity, assume that the prior belief of the market is that the following two possibilities are equally likely.
• F(a, b) belongs to A and G(a, b) belongs to B (the truth).
• F(a, b) belongs to B and G(a, b) belongs to A.
This implies that, with probability p, the truth is revealed so that the market pays f (a, b) and g(a, b) for the human assets of A and B, respectively, whereas with probability 1 − p, the truth is withheld and the market pays the expected values of A's and B's human assets, at an equal value of
8 This, in turn, implies that the expected payoffs for rejecting the collaboration are
These two values are referred to as the effective outside option for A and B, to be distinguished from their respective real outside options, f (a, b) and g (a, b) .
For ease of reference, denote O( p) as an organizational structure with parameters p. To reflect the idea that as A and B become more integrated, their individual identities become less clearly observed by the market, integration is defined relatively as follows.
According to this definition, when p = 1, A and B are completely separated in the sense that the information barriers vanish and the market observes the true identities of A and B clearly, whereas when p = 0, A and B are completely integrated in the sense that the information barriers are the strongest and the true identities are never revealed. Note that integration and collaboration mean different things: the former is a special type of organizational structure and the latter is a task that needs to be accomplished under any given organizational structure (not necessarily integration). In fact, A and B can collaborate under a totally separated organizational structure. As indicated by the timeline, A and B know that it is efficient for them to collaborate, but they need to bargain over the joint return F(a, b) + G(a, b) after they invest. This introduces a wellknown hold-up problem, which will be analyzed in the following two sections under two leading bargaining structures in the literature: Nash bargaining and alternating-offer bargaining.
Nash bargaining
Assume that A and B bargain over the total surplus, F(a, b) + G(a, b), in a 50-50 Nash bargaining game with the effective outside options defined previously. Given organizational
and B's payoff is
In the standard GHM models, there is always underinvestment because investments are relationship specific and contracts are incomplete. The following result shows that this is also the case in this model.
Lemma 1.
With 50-50 Nash bargaining, the equilibrium investments of A and B under any organizational structure O(p) are lower than the respective first-best investmentsā andb.
Proof. See Appendix A.
Externalities revisited. In reality, externalities certainly play important roles in mergersthe word "synergy" has been one of the most popular buzzwords used in justifying mergers. From the standard physical-asset perspective, the idea that integration can internalize externalities is well known. However, if a firm is viewed as a group of people instead of physical assets, it is not clear why integration can internalize externalities, because the problem is always a multi-person game, before or after the integration.
In our model, the externalities of investments (in addition to relationship specificity) also play a central role in justifying integration. The main result that investment externalities favor integration is presented in Proposition 1. Proposition 1. With 50-50 Nash bargaining, the joint profit is increasing (decreasing) in p-the degree of separation-if investment externalities are relatively small (large) in the sense that the investments of both businesses have a smaller (larger) effect on the other than on themselves, that is,
Proof. Similar to the proof of Lemma 1, (N , S, {u (1) and (2), is a collection of supermodular games that are parameterized by p in [0, 1] . This implies that A's and B's equilibrium investment levels are increasing in p if F a ≥ G a and
for all a and b, which implies that u p A (a, b) has increasing difference in (a, p) and u p B (a, b) has increasing difference in (b, p). The result follows because given that there is always underinvestment, an organizational structure that can induce higher investments from both businesses must be more efficient. The argument for the case of F a ≤ G a and
The intuition of the proof can be illustrated as follows. As p increases, A's effective outside option will depend more on F and less on G. When F a ≥ G a , this will lead to an increase in the marginal return of a (as equation (3) indicates) and hence encourage A's investment, especially if a simplifying assumption that ∂ 2 u A /∂a 2 < 0 is added. Similarly, increase in p will also encourage B's investment when G b ≥ F b . In addition, the increases in a and b will reinforce each other under the assumption that F ab ≥ 0 and G ab ≥ 0. In sum, when F a ≥ G a and G b ≥ F b , increasing p will encourage A and B to invest and hence increase the joint profit.
IBM's acquisition of PwC is generally considered to be "a win-win deal" by investors. This can be explained by the proposition because it is likely that investment externalities are relatively large between IBM and PwC and hence it is more efficient to integrate. The argument to support this claim is as follows. On the one hand, IBM's effort in establishing the right technology is likely to be crucial in the success of PwC's strategy because "companies realize their decision about information technology . . . has a profound effect on revenue, profit, and their future direction."
9
Given that the profit margin of strategy is much higher than that of technology, it is quite likely that IBM's investment actually has a larger effect on PwC than on itself in terms of market value.
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On the other hand, PwC's effort in modifying its strategy to avoid difficult technology issues may not be very useful for PwC itself, but may generate great cost savings on IBM's side. In fact, it is reported that "the networked computer has put technology at the heart of strategy, and vice versa."
11 Hence, investment externalities between IBM and PwC are likely to be relatively large. In general, the condition that favors integration, such as when the investment of one business has a larger effect on the other business than on itself, can be satisfied in many situations, especially when the effect refers to the change of value of human assets, such as knowledge, which is well known for massive externalities in its production process (Foray, 2000) . This can be the case whenever the investing business cannot capture the economic value of the investment as effectively as the other business. As in the case of IBM and PwC, it could be that the investing business operates in a more competitive industry and hence has lower profit margins than the other business. Alternatively, it could be that the investing business does not have a marketing strategy that is as aggressive as that of the other. For example, Microsoft, through its Windows operating system, obviously capitalizes more on the idea of the "graphical user interface" than Apple, who popularized it. In fact, many firms in high-tech (human-capital-intensive) industries succeed by "stealing" other firms' ideas (Rajan and Zingales, 2001) . Proposition 1 gives sufficient conditions under which increasing or decreasing the degree of separation can improve efficiency. Although it is meant to be a comparative-static result on the organizational parameter p, it also helps to find a more efficient organizational structure, starting at an arbitrary one. For example, if F a > G a and G b > F b for all a and b, then full separation ( p = 1) is the most efficient. Conversely, if F a < G a and G b < F b for all a and b, then full integration ( p = 0) is the most efficient. In general, it is quite likely that the most efficient organizational structure entails an intermediate degree of separation ( p ∈ (0, 1) ). Numerical examples for some of these cases are provided in Appendix B.
Note that Proposition 1 incorporates asymmetric cases under which inducing investment from one of the businesses is not important (for example, when F b = G b = 0). In such cases, only one direction of investment externalities is important (for example, the condition that
Proposition 1 raises a question about the role of externalities: do externalities entail a cost (as in conventional wisdom) that needs to be alleviated, or a benefit that can be augmented, by choosing the right organizational structure? To examine this question, consider two investment games indexed by e ∈ {e , e } where e < e , with identical first-best investments. Denote the real values of A's and B's human assets under game e as F e and G e , respectively. Say that investment externalities are larger in game e than in game e if Proposition 2. The total surplus under game e is lower than that under game e if investment externalities are larger in game e than in game e . (1) and (2) The role of relationship specificity. The more relationship specific the investments are, the less valuable A's and B's investments are outside their relationship. In property-rights theory, this always hurts investment incentives. Proposition 3 examines the same intuition under the current model.
Proof. For each game e, denote A's and B's payoffs (defined in

Proposition 3.
With 50-50 Nash bargaining, the joint profit is decreasing (increasing) in γ -the real relationship specificity of investments-if investment externalities are relatively small (large) in the sense that the investments of both businesses have a smaller (larger) impact on the other than on themselves, that is, Proposition 3 points out a distinction between the current and the property-rights-theory definitions of the firm. In the current model, the marginal benefits for A and B can be rewritten, respectively, as
Note that the real relationship specificity (γ ) affects investment incentives through the second terms of the two expressions. For the investment of each business, the role of γ in the corresponding term is to discount a tradeoff (which has an effect when p > 0) between the investment's marginal product on the investor's human assets (F a or G b ) and on the human assets of the other business (F b or G a ). As discussed after Proposition 1, the tradeoffs are caused by the revelation of the true identities. If the tradeoffs entail gains in both businesses' effective outside options (in the case that F a ≥ G a and G b ≥ F b so the differences are positive), then a higher γ implies lower gains and hence lower investment incentives. If the tradeoffs entail losses in the effective outside options of both businesses (in the case that F a ≤ G a and G b ≤ F b so the differences are negative), then a higher γ implies lower losses and hence higher investment incentives. In contrast, a parameter that corresponds to γ in property-rights theory will simply serve to discount the own outside option of each business (which is always positive), and hence increasing γ always hampers investment incentives.
Proposition 3 seems to challenge the received wisdom that relationship specificity always discourages investment. However, the correct relationship specificity in this model should be measured by the level of effective outside options (
g for A and
, instead of the real outside options ( f for A and g for B) . The point of the proposition is that a decrease in the relationship specificity measured by the real outside options may imply an increase in the relationship specificity measured by effective outside options, which always discourages investment.
Alternating-offer bargaining
It is well known that the results of an incomplete-contract model such as the current one are very sensitive to the underlying bargaining protocol assumed. For example, Chiu (1998) and de Meza and Lockwood (1998) show that one of the main implications of GHM derived under Nash bargaining-ownership always enhances investment incentives-is generally overturned under alternating-offer bargaining. In the current model, however, the main result that externalities favor integration is relatively more robust in the sense that it holds under alternating-offer bargaining for nontrivial ranges of parameter values. This robustness is due to the existence of investment externalities and identity mixing, as discussed in details later in this section. In addition to serving as a robust check, this section also contains some results that predict the relevance of altering firm boundaries based on the original degree of separation (Proposition 5) and the diversity of the businesses involved (Proposition 6). As the important distinction between the real and effective outside options has already been stressed and only the latter will be used for discussion in this section, we will refer to A's and B's effective outside options (
g, respectively) simply as their outside options throughout this section.
Consider any organizational structure O(p), where p ∈ [0, 1]. Under alternating-offer bargaining, A's and B's outside options will not matter unless one of them binds. Following de Meza and Lockwood (1998) , the space of feasible investments can be partitioned into the following three regions: 
A Nash equilibrium is a pair of investments in which the investment of each business maximizes its payoff in the region that the pair belongs to, given the investment of the other business.
Similar to the model of de Meza and Lockwood, the equilibrium does not always exist and there could be multiple equilibria in this setting. However, both problems are circumvented by exploring the supermodularity of the model, which allows the comparison of extreme (greatest and least) equilibria. Recall also that the solution is further simplified by assuming that A and B will choose the equilibrium with the highest investment from both of them because it is Pareto preferred.
Although changing the bargaining protocol is expected to cause dramatic changes in the investment behavior, the underlying hold-up problem should always exist as long as contracts are incomplete and investments are relationship specific. By applying the same argument as in Lemma 1 to each region of R 0 ( p), R A ( p), and R B ( p), this intuition can be verified and is stated as Lemma 2.
Lemma 2. With alternating-offer bargaining, A and B will always underinvest, in the sense that the equilibrium investment levels of A and B will be lower than their respective first-best levels of investmentā andb.
Because under alternating-offer bargaining, changing p may cause a discreet change in equilibrium investments when it causes the outside option of some business to change from binding to not binding, or vice versa, the comparative-static analysis will be carried out by comparing two arbitrary organizational structures, instead of examining a single structure as in Section 3. For this purpose, four possible cases need to be analyzed: Case 1: the outside option of the same business is binding under both structures; Case 2: the outside options of neither business are binding under both structures; Case 3: the outside option of one business is binding under one structure and the outside option of the other business is binding under the other structure; and Case 4: the outside option of one business is binding under one structure and the outside option of neither business is binding under the other structure. Lemma 3 provides sufficient conditions for comparing two structures O(p) and O( p ) under each case. Proof. The strategy of the proof is to index the two investment games under O(p) and O( p ) so that the game with higher marginal benefits of investment from A and B has a higher index, and hence the argument used in all the previous proofs can be applied. The details are omitted. Q.E.D.
The robustness of Proposition 1 under Case 1 is not surprising, because a similar robustness also exists in standard property-rights theory.
13 Case 2 is not interesting on its own, but will become useful in the later discussion of the relevance of firm boundaries. Under Cases 3 and 4, one will expect the reversion of the result to arise. It is clear that this expectation is true given some parameter values. What seems to be interesting is that there are nontrivial ranges of parameter values under which extensions of Proposition 1 hold. With the assumption that p > p, 14 Proposition 4 provides a precise statement of these extensions.
Proposition 4. Suppose that θ , λ, θ , and λ , defined in Lemma 3, are all strictly positive. With alternating-offer bargaining, the joint profit increases (decreases) as the degree of separation increases from p to p if investment externalities are relatively small (large) in the sense that
for all a and b under Case 4(i).
As stated at the beginning of this section, the relative robustness of the result that investment externalities favor integration stems from two departures from the standard property-rights theory. The first is the possibility of identity mixing. In property-rights theory, ownership is complementary to investments and hence motivate investments under Nash bargaining, but demotivates investments under alternating-offer bargaining because it might cause the outside option of the acquiring business to bind, which, in turn, will necessarily cause a discrete drop in its marginal benefit of investment because investments are relationship specific. In the current model, identity mixing can also cause the outside option of a business to bind, but that does not necessarily imply that the marginal benefit of that business will drop even though investments are relationship specific. In some cases, it may actually increase the marginal benefits of both A and B. For example, in Lemma 3, changing O( p) to O( p ) may cause A's outside option to bind, but that may increase the marginal benefits of investment for both A and B in Case 4(i) when
15 This feature is specific to the current identity-mixing model. The second departure is the introduction of investment externalities. Under alternating-offer bargaining, when the outside option of one business binds, the other business will hesitate to invest because, due to investment externalities, it will increase the former's outside option, which will decrease the latter's payoff because the latter is the residual claimant. This demotivating effect of not having a binding outside option relatively weakens the demotivating effect of having a binding outside option (due to relationship specificity), and hence weakens the reversion of the result across bargaining protocols. This intuition is also behind a recent study of de Meza and Lockwood (1998) , who show that the result that ownership motivates investments under Nash bargaining will not generally be reversed under alternating-offer bargaining when there are investment externalities. Their paper, aligned with property-rights theory, differs from this article in the basic definition of the firm, as argued in the introduction.
The relevance of firm boundaries. One of the unique features that adopting alternatingoffer bargaining brings to the model is to incorporate both cases in which the outside options matter and do not matter, as can be seen from Lemma 3. This provides a useful perspective to further explore the differences and similarities between the current definition of the firm and that of property-rights theory. To this end, two results that predict the relevance of firm boundaries are presented in this section, from the aspects of the degree of separation and the diversity of the businesses involved, respectively.
(1 − g (a, b) . This shows that R 0 ( p), where the boundaries do not matter, will be overtaken by R A ( p), where the boundaries matter, as α − β increases, and hence the result holds. Q.E.D.
The intuition is that (as long as there is some degree of separation between the two businesses) the more diversified the two businesses are, the more likely that the outside option of one of them will exceed half of the joint revenue, causing the outside option of that business to bind. In contrast to Proposition 5, the intuition of Proposition 6 has a counterpart in property-rights theory. Empirically, this intuition implies that if the distributions of organizational structures of two groups of businesses are the same but one group of businesses is more diversified than the other, then the performance of the businesses in the more diversified group should be more heterogeneous.
Conclusion
This article aims at providing a new theory for human-capital-intensive firms which cannot be explained by most of the existing theories that view firms as collections of physical assets. We define a firm as a collection of human assets, the owners of which work so closely that outsiders cannot distinguish them clearly. With this definition, we have shown that when investment externalities are relatively large (small), joint surplus is decreasing (increasing) in the degree of separation and increasing (decreasing) in the degree of relationship specificity, defined in a regular way. The latter result suggests that relationship specificity should be measured in effective terms to reflect its true meaning in the current context. In addition, the main message that investment externalities favor integration holds relatively robustly across the Nash and alternating-offer bargaining protocols. Finally, the article provides predictions about the relevance of altering firm boundaries based on the degree of separation of the original structure and the diversity of the businesses involved.
Admittedly, the firms defined here may look very different from firms defined legally in practice. For example, according to our definition of the firm, the divisions of a firm that issues individual financial reports for each division should be viewed as separated "firms"; in contrast, two firms with exclusive contracts can be seen as an integrated firm because they are not recognized by the market. Nevertheless, we believe that this definition captures one important, human aspect of firms. The model is very simple and hence easy to extend in future work. One promising possibility is to allow the businesses involved to influence the determination of firm boundaries.
---. "The Market for Reputation as an Incentive Mechanism." Journal of Political Economy, Vol. 110 (2002) 
